INTRODUCTION
Pesticide poisoning is one of the key public health issues in the developing countries. Paraquat [(C 6 H 7 N) 2 ]Cl 2 ), discovered in 1882 and recognized in 1995, is the most common nonselective contact herbicide which results in high morbidity and mortality [1] . It is liquid at pH range 6.5 to 7.5. The herbicide is unstable in alkaline medium but stable at neutral and acidic pH. It is inactivated by inert clays and ionic surfactants, and decomposes in the presence of ultraviolet light [2] . Paraquat is rapidly degraded by soil microorganisms into minerals. These qualities make it safe for herbicidal use. Paraquat produces reactive oxygen species by transferring electrons to molecular oxygen in light-exposed plants, thereby disrupting the process of photosynthesis [3] .
Paraquat is toxic when ingested accidentally or with a suicidal intention. The acceptable daily accidental exposure to paraquat ion is 0.004 mg/kg. Pure paraquat may cause mild-to-severe adverse effects in mammals, such as oral mucosal irritation, ulceration, gastrointestinal discomfort, respiratory failure, hepatic failure, renal failure and death [4] .
Paraquat is one of the most prominent agents that are associated with mortality from pesticide poisoning globally. It accounted for 63 % of all suicidal deaths in the Caribbean islands in late 1980s. In United Kingdom, paraquat poisoning is one of the major cause of deaths (>50% of all pesticide associated fatalities) between 1940 and 1990. Paraquat is incompletely absorbed after ingestion and quickly distributed to lungs, liver, kidney and muscle. Approximately 90% of ingested paraquat is absorbed within 12 -24 h and quickly eliminated in the urine. The volume of distribution of paraquat is 1.2 -1.6 L/kg. Gastrointestinal decontamination and haemodialysis/haemoperfusion are the only available options for managing paraquat poisoning.
Davarpanah et al reported that vitamin E plays a beneficial role in paraquat poisoning by disrupting free radicals and preventing oxidation of unsaturated fatty acids [5] . Ascorbic acid (vitamin C) is an effective antioxidant which has the prospective to scavenge free radicals such as aqueous peroxyl radicals, superoxide anions and hydroxyl radicals [6] . Eizadi-Mood et al analysed 29 medical records of patients who received renowned antioxidants such as vitamin C and E together with regular treatment for paraquat poisoning and concluded that although adding antioxidant to normal treatment could not diminish the death rate, and suggested future investigations with higher amount of antioxidants [7] .
The current investigation was carried out to assess the effectiveness of vitamin C on paraquat-induced hepatic and renal toxicity in Swiss albino mice.
EXPERIMENTAL Animals
Healthy, mice of BALB/c strain, weighing 30 -35 g, were used for the study. The mice were kept in polyacrylic cages at normal temperature with equal exposure of light and dark condition and provided access to rodent pellet and water ad libitum. The animal experiment protocols for the study was permitted by University Animal Ethical Committee (no. IAEC/SSP/16/PR-013). The animal experiment procedures followed National Research Council Committee guidelines [8] .
Experimental design
Thirty animals were used for the study, distributed into three different groups (n = 10). The group I was given normal saline only (control group), group II was administered 15 mg/kg paraquat while group III was administered paraquat (dose of 15 mg/kg) along with vitamin C (20 mg/kg). All drugs were administered once daily through intraperitoneal injection for four days. Changes in body weight and behaviour of animals were monitored throughout the study. On day five blood samples were collected from mice in all the three groups through the retroorbital plexus under mild diethyl ether anaesthesia. Thereafter, the mice were sacrificed by cervical dislocation, and their livers and kidneys were rapidly excised. The liver and kidney samples were rinsed in normal saline and well-preserved in neutral formalin (10 %) for use in histopathological analysis.
Biochemical analysis
Serum AST and ALT were assessed to determine the extent of hepatic injury. Renal biomarkers (serum urea and creatinine levels) were also analysed. All biochemical assays were performed using as an Autoanalyzer (Hitachi, Tokyo, Japan).
Histopathological analysis
Liver and kidney sections fixed in 10 % formalin were dried up in alcohol, cleaned with xylene, and fixed in paraffin blocks. Sections (5 -10 µm thick) of the paraffin-processed liver and kidney tissue blocks were sectioned using microtome. Further, the segments were fixed onto glass plates and stained using routine stains such as haematoxylin and eosin. The slides were then placed in DPX medium and examined under light microscope [9] .
Statistical analysis
Data are presented as mean ± standard error (SEM). All variables were analysed for statistics by one-way ANOVA subsequently by Tukey's post-hoc comparison test. P < 0.05 was considered statistically significant (SPSS 17.0).
RESULTS
The paraquat-treated animals showed general weakness and lost weight as result of reduced food intake. However, these signs were lower in the mice that received paraquat + vitamin C than in the paraquat group. Serum levels of AST and ALT were considerably greater in the paraquattreated mice in comparison to the control group and the paraquat + vitamin C group (Figure 1) . Similarly, serum creatinine and urea were much lower in the mice group administered paraquat and vitamin C than in the group that received paraquat alone (Figure 2 and Figure 3) . The paraquat-treated mice showed elevated levels of AST, ALT, serum urea and serum creatinine, whereas vitamin C prevented these paraquatinduced abnormalities in liver and renal markers. Results from histology showed that liver and kidney from mice in the control group had normal architecture ( Figure 4A and D) . On the other hand, the hepatocytes from paraquat-treated mice had vacuolation and congestion in central vein ( Figure 4B ).
These paraquat-induced pathological changes were markedly ameliorated by addition of vitamin C ( Figure 4C ). The kidney from paraquat-treated animals showed tubular and glomerular necrosis ( Figure 4E ) which were mitigated by vitamin C (Figure 4F ). 
DISCUSSION
Paraquat is a dipyridyl compound intended for weed control in most of the countries. However, the use of paraquat as an herbicide is forbidden in many nations including countries in the European Union [10] . Acute kidney injury is the main reason of death due to paraquat poisoning [11] . In a study on 14 subjects, Kanchan et al [10] reported that 78.5 % had acute renal failure, 28.5 % had hepatic failure and 21.4 % manifested oral ulcerations while 42.8 % showed acute respiratory distress syndrome. They also observed that 10 of the 14 study subjects died from acute renal failure [10] . The present study has shown that paraquat-induced changes in renal and hepatic functions can be reversed by the simultaneous use of vitamin C.
Previously, vitamins C and E were used for management of herbicide poisoning but their effects were unproven. In few clinical studies, vitamin C (4 g/day) and vitamin E (0.25 g/kg) were used for the management of paraquat poisoning, but the results were not clear [12] . One study revealed that vitamin C has a significant antioxidant effect in patients poisoned with paraquat [13] . In this context, the objective Vitamin C is an important nutrient supplement used for treatment of the common cold. It has beneficial effects in cardiovascular diseases, cancer and immunomodulatory diseases. It is an effective antioxidant and a potential scavenger of free radicals, due mainly to the ascorbate ion [14] . The protective role of vitamin C in this study is due to its antioxidant property which has been reported in previous studies [6, 15, 16] .
In the present study, the paraquat-treated animals showed increased serum levels of AST, ALT, creatinine and urea, whereas concomitant administration of vitamin C prevented the toxic effects of paraquat as shown by biochemical and histopathological evidence. Histopathology of liver from the paraquat-treated animals showed cytoplasmic vacuolar degeneration and congestion of central veins. Necrosis of glomeruli and renal tubes were also observed in the paraquat-treated animals, a finding consistent with that of Awadalla [15] . Sakr et al has reported similar histopathological alterations in the liver of paraquat-exposed rats [17] . Awadalla et al also reported the protective nature of the vitamin C in the kidney and liver of experimental animals exposed to paraquat [15] . The findings in the current study add to existing knowledge regarding the part that vitamin C plays in paraquat poisoning. In clinical studies, high dose of vitamin C increased survival of patients with paraquat poisoning [18] . Chang et al also demonstrated the use of larger doses of vitamin C in the management of acute paraquat intoxication in Madin-Darby canine kidney (MDCK) cells [19] . Further investigation to elaborate the underlying molecular mechanisms is warranted.
CONCLUSION
Vitamin C plays a key role in reducing the deleterious effects of paraquat on liver and kidney. Additional studies are necessary to translate this finding to actual clinical application for the benefit of patients chronically exposed to paraquat poisoning.
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